Introduction
Extranodal marginal zone B-cell lymphoma of the mucosa-associated lymphoid tissue type (MALT lymphoma) preferentially arises in the gastrointestinal tract, especially the stomach where it is closely linked to a Helicobacter pylori (HP) induced chronic gastritis. 1, 2 In general,
MALT-lymphoma may affect virtually every organ in the body. 3, 4 Due to the interaction between lymphoma cells and mucosal adhesion molecules 5 MALT lymphomas display an indolent clinical behaviour -however, transformation in diffuse large B-cell lymphoma (DLBCL) occurs but -according to the WHO criteria -is considered as separate entity. 6 Foci of extranodal DLBCL may be seen in MALT lymphoma -termed transformed MALT lymphoma -suggestive of transformation from one to the other entity.
MALT lymphomas demonstrate a number of distinct cytogenetic alterations 7 , but a molecular mechanism inducing genetic instability has not been described. In DLBCL somatic hypermutation aberrantly targets the 5´ sequences of several proto-oncogenes relevant to lymphomagenesis, including PIM1, PAX5, RhoH/TTF and cMYC. This phenomenon, termed aberrant somatic hypermutation (ASHM) occurs in >50% of DLBCL, but is rare in indolent lymphomas 8 . Although the molecular mechanism of the SHM is still unknown, recent studies identified the activation-induced cytidine deaminase (AID) as an absolute requirement for the SHM. 9 The present study was aimed at investigating the role of the aberrant somatic hypermutation in MALT lymphomas and in MALT lymphomas transformed to extranodal DLBCL and to elucidate the role of AID in this process. Sequencing analysis of PAX5, RhoH/TTF, c-MYC, PIM1 and IgHV
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Materials
Mutational profile by direct DNA sequencing of PAX-5, RhoH/TTF, c-MYC and PIM1 was generated on selected regions previously described to contain more than 90% of mutations found in DLBCL. 8 Rearranged IgHV genes were amplified with a semi-nested PCR approach using primers as previously described. 12 The IMGT database was used for calculating the IgHV mutational status. PCR products were purified and sequenced from both sides using the BigDye terminator chemistry 3.1 (Applied Biosystems, Foster City, CA). Sequences were run on an ABI3130-xl automated sequencer (Applied Biosystems, Foster City, CA). All oligonucleotides used in the initial PCR were also used for sequencing and are available in the supplemental table S1. Sequences were confirmed by two independent PCR reactions.
Nucleotide changes corresponding to previously published polymorphism were excluded from analysis. Further, all changes occurring more than once in separate cases were considered as polymorphic variants and were disregarded. Subcloning for intraclonal heterogeneity of selected cases using Pyrococcus furiosus (Pfu) Turbo polymerase (Stratagene, La Jolla, CA) was carried out as described previously.
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Analysis of AID mRNA / Protein expression
Total RNA was extracted using Trizol method (Invitrogen, Carlsbad, CA) as previously 
Statistical analysis
Statistical analysis was performed using SPSS 11.5 (SPSS Inc., Chicago, IL, USA). To calculate differences in AID mRNA levels in the experimental groups, Mann-Whitney U-Test was used. Spearman correlation test was performed to examine a correlation of AID expression with overall frequency of mutations. MALT-and DLBC-lymphoma, respectively). In PIM1 and cMYC a number of mutations were located in the coding regions and led to amino acid substitutions with potential functional consequences (table 1) . In PIM1 9 mutations in 4 MALT and 5 extranodal DLBC lymphoma cases represented missense mutation, 7 of them affected exon 4 which predicts a change in the structure and, possibly, the function of the PIM1-protein. 16 In cMyc 7 of 12 missense mutations found in 4 MALT lymphomas and 5 extranodal DLBCL affected exon 2.
Results and discussion
cMYC exon 2 encodes for the transactivation domain and represents a mutational hot spot in translocated cMYC in Burkitt lymphomas. 16, 17 Alterations introduced by the ASHM in this region are likely to have a serious effect on c-MYC function 18, 19 . To investigate whether the aberrant mutational activity is ongoing in PIM1, PAX5 and RhoH/TTF, we selected a subset of cases (n=7) for sequencing of their cloned PCR products generated using the proofreading Comparing AID immuno-histochemistry levels with IgHV mutation frequency a significant correlation could be observed (p=0.011; correlation coefficient = 0.67 Spearmann-Rho).
The identification of an active aberrant somatic hypermutation mechanism in extranodal DLBCL which -in our series-are exclusively transformed MALT lymphomas still displaying a low grade component, expands the type of aggressive lymphoma associated with this molecular abnormality. [22] [23] [24] Notably, MALT lymphomas representing putative precursor lesions of extranodal DLBCL are also targeted by the aberrant somatic hypermutation process albeit at lower frequencies. Since frequency of mutations and AID protein/RNA expression are both lower in MALT lymphomas, one might speculate an active involvement of ASHM in the high grade transformation process of MALT lymphoma to overt DLBCL -resembling that described for Richter´s and prolymphocytic transformation in CLL. 25 By mutating regulatory and coding sequences of the targeted genes ASHM may represent a major contributor to their pathogenesis. For personal use only. on April 14, 2017 . by guest www.bloodjournal.org From
